ABSTRACT
The reliabilities of two methods for measuring free acid in plutonium solutions were determined by applying each to the analysis of plutonium, thorium, and cerium solutions having known free acid concentration. In the iodate method, the hydrolyzable ion was precipitated with iodate and separated by filtration, and the free acid in the filtrate was titrated with standard base. In the citrate method, the hydrolyzable ion was complexed with citrate during the titration of the free acid with standard base. Between 99 and 100% of the free acid in plutonium (IV ) solutions was measured using the iodate method, and high results, 106
to 109'%, were obtained using the citrate method. Neither was reliable for determining free acid in plutonium (111)solutions; the iodate method gave low results (94 to 96%), and the citrate method gave high results (108 to 109%).
INTRODUCTION
Low results for free acid in plutonium (lV ) nitrate solutions were reported (5) by the iodate method, '6) " m which the plutonium was precipitated as the iodate and removed by filtration prior to titration of the free acid. The bias was presumed to be caused by precipitation of some acid iodate. (5) Compiexing of the plutonium with citrate during the titration of the free acid was recommended even though this method was reported to have a small positive bias. The iodate method was recom-(7) mended recently for measuring free acid in plutonium (IV ) nitrate solutions that also contained uranium. Considerable speculation has developed over which of these methods gives the more reliable results. The present investigation clarifies the status of each method.
Perhaps the greatest difficulty in testing measurements of free acid lies in the preparation of solutions having known free acid concent ra~lons.
In the present work, the plutonium (HI) solutions were prepared by dissolving high purity plutonium 
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Pipet 50 ml of O. 3~potassium kxfate solution into a 100-ml beaker and add, while stirring, an aliquot of the sample solutlon containing not greater than 50 mg of plutonium.
Filter the mixture through Whatman No. 42 filter paper and collect the filtrate in a 200-ml beaker.
Wash the precipitate with two 25-ml portions of O. 3M potassium iodate solution, and combine the Washings with tie original filtrate.
Wash the precipitate from the filter paper into a beaker with a small stream of water. Dissolve the precipitate and any residual solids adhering to the filter paper in 12M hydrochloric acid, and transfer the solution to-a residue bottle.
Place a magnetic stirring bar in the beaker containing the filtrate, place the beaker on the magnetic mixer, lower the glass and saturated calomel electrodes into the solution, and start the magnetic mi.xe r.
Titrate tine free acid in the solution by adding the standardized sodium hydroxide solution from a 5-ml buret and plot the titration curve (PH versus ml of base).
Determine the end point of the titration from the mid point of the inflection, and read the amount of sodium hydroxide consumed in titrating the free acid.
Pipet 100 ml of the O. 3M potassium iodate solu--
tion into a 200-ml beaker and perform Steps 5 through 7 to determine a blank for the titration.
9. Subtract the titration blank from the ml of sodium hydroxide obtained in Step 8 and multiply the difference by the normality of the sodium hydroxide solution to calculate the free acid in the sample solution aliquot added.
Citrate Method -1. Add 30 ml of 10'% sodium citrate solution to a 100-ml beaker, and set the beaker on the magnetic mixer.
2. Place a magnetic stirring bar in the beaker, lower the glass and saturated calomel electrodes into the solution, turn on the magnetic mixer, and measure the pH of the solution.
3. Add an aliquot of the sample solution containing not greater than 25 mg of plutonium.
4. Titrate the free acid in the solution by adding the standardized sodium hydroxide solution from a 5-ml buret to the stirred solution until the pH is equal to the pH determined in Step 2. The maximum increase in the free acid, therefore, would be O. 5 milliequivalent or about 17'oof the total. It is probable that the increase in free acid was much smaller.
In the second method for preparing plutonium (IV) solutions, accurately weighed amounts of dried dicesium plutonium hexachloride were dissolved at room temperature in known amounts of standardized hydrochloric acid. As the dissolution of the plutonium salt neither contributed nor consumed acid, the free acid concentration was equal to the molarity of the standardized hydrochloric acid.
Duplicate aliquots of each of the plutonium solutions were analyzed by each of the two methods.
The results (Table 1) 'a) A 5-fold excess of sodium citrate was added to the plutonium solution.
') A 100-fold excess of sodium citrate was added to the plutonium solution. Oxidation of some plutonium (III) also occurred in the citrate solutions, as evidenced by a change of the solution color from blue to brown. The free acid values were between 8 and 9$'ohigh, however, as they were for the plutonium (IV) solutions.
Effect of Plutonium and Free Acid Concentrations
Analyses were made of three sets of solutions having different plutonium and free acid concentrations to determine their effects on each method. Each set consisted of two solutions. The two solutions in the first set had equal plutonium concentrations but different acid concentrations, the second set had different plutonium concentrations but equal acid concentrations, and the third set had different plutonium and acid concentrations.
These solutions were prepared by dissolving weighed portions of dried dicesium plutonium hexachloride in known amounts of hydrochloric acid.
As shown in Table II shown by the iodate method were equal to the cal- 
Determination of Free Acid in Cerium Solutions
The methods were tested further by applying them to the determination of free acid in solutions containing cerium (111)and (IV (1)
